Background: Up to now, costs attributable to adverse events (AEs) and preventable AEs in the Netherlands were unknown. We assessed the total direct medical costs associated with AEs and preventable AEs in Dutch hospitals to gain insight in opportunities for cost savings.
Background
Throughout the world health care workers and policymakers are trying to improve patient safety. The Dutch Patient Safety Research Program [1] , showed that adverse events (AEs) affect 5.7% of patients in Dutch hospitals and lead to permanent disability, morbidity and even mortality [2] . Forty percent of these AEs were judged preventable by good clinical practice.
Studies in various countries outside Europe have shown that AEs in hospitals are associated with high direct medical costs [3] [4] [5] [6] [7] [8] [9] which have impact on the annual health care budget [5, 7, 9] . These studies showed that the average excess length of stay (LOS) attributable to AEs ranges from 6 to 8.5 days [3] [4] [5] [6] [7] [8] for all AEs. Except for one study [9] which took place over a decade ago, no data on costs of preventable AEs are available.
As health care costs are rising hospitals are forced to reduce costs. Implementation of patient safety improvement interventions in hospitals is often hampered by the investment costs. Thus insight in costs of preventable AEs may help to increase the sense of urgency and prioritise areas to improve patient safety from an economic perspective in addition to the patient and health care perspective.
In this paper we present the total direct medical costs associated with AEs and preventable AEs in Dutch hospitals with regard to subgroups of university and general hospitals. A separate analysis was focussed on AEs occurring in patients who died in hospital. The costs were calculated in two ways, by using the data as determined by the reviewers and with the use of estimation of expected LOS in hospital based on administrative hospital data. In addition, we assessed determinants of AE related costs, such as type of patient admission and AE characteristics, to give insight in the opportunities for cost savings.
Methods
The instruments of our study were based on the protocol of the Canadian Adverse Event Study, which was originally used by the Harvard Medical Practice Study [3, 10] . The design and methods of this study have been described in detail elsewhere [1] a brief summary of the study design and setting is described below.
Study design and setting
We have performed a retrospective patient record review study in a random, stratified sample of 21 of the 101 Dutch hospitals: 4 university, 17 tertiary teaching and general hospitals. To measure the difference in incidence between hospital types, the sample of hospitals was stratified for hospital type. Proper representation of urban and rural setting in the sample was verified. Eligible hospitals had at least 200 beds, an emergency department and an intensive care unit. A large subsample of deceased hospital patients was included to determine the occurrence of potentially preventable deaths in hospitals more precisely than in previous studies. The power was estimated to detect a difference in AE rates between different hospital types. The parameters in the power calculation were based on the results of the Canadian Adverse Events Study. [3] Assuming an incidence of AEs of 8%, a sample of 4200 hospital admissions of discharged patients and a sample of 4200 admissions of deceased patients were necessary (β = 0.20, α = 0.05) to estimate a 95% confidence interval of 0.5% to both sides.
To measure the difference in incidence between hospital types a selection of 800 hospital admissions per hospital type were necessary to detect a difference from 2% to 3% by an incidence between 3% and 7%. From each hospital, we randomly selected 200 admissions (> 24 hours stay) of discharged patients and 200 (or less if the total of patients who died in 2004 was lower) admissions of deceased hospital patients in 2004, excluding admissions of psychiatry, obstetrics and children < 1 year old. Ethical approval for the study was obtained from the Medical Ethical Research Committee of the VU University Medical Centre.
Study population
The nursing, medical and, if available, out-patient record of the sampled admissions were reviewed by 66 trained nurses and 55 trained physicians in a three stage review process between August 2005 and October 2006. In the first stage, a nurse screened the records by using 18 screening criteria indicating potential AEs. The 18 screening criteria were:
1. Unplanned admission before index admission (admission reasons are related to the index admission) 2. Unplanned readmission after discharge from index admission 3. Hospital-incurred patient injury (Permanent or temporary injury obtained (acquired) during index admission) For the analysis on patient record level, patients with more than one AE during admission, the AE with the most severe outcome was used for further analysis. Of the initial 8415 sampled records, 8032 were eligible for a first stage review (screening success rate was 95%). Three-hundred eighty three records were unavailable or were inadequate (for example twice sampled or admission was to short). In the second stage 106 records were excluded during screening (for example incomplete documentation or hospitalisation of the patient during the reviewing process) [2] . Finally, 37 (0.5%) hospital admissions could not be linked to the Dutch registration of hospital information (LMR) for linkage to additional information on interventions, due to incorrect unique admission numbers, birth date or sex. This has resulted in 7889 hospital admissions present in the data-analysis.
Adverse event assessment
The definition of an AE in our study was threefold: an (1) unintended (physical and/or mental) injury which results (2) in temporary or permanent disability, death or prolonged hospital stay and (3) is caused by the health care management rather than the patients' disease [1, 11] . A nurse screened the patient records by using 18 screening criteria indicating potential AEs. When one or more screening criteria were found the nurse assigned the patient record to two physicians of the same specialty (general surgeons, general internists, neurologists or paediatricians, depending on the main diagnosis of the admission or age of the patient for the paediatricians) independently reviewed the patient records using an extensive standardised review form. Of each AE the reviewer assessed the impact, location, responsible specialty, clinical procedure, preventability and causes of the AE [1] . If there was disagreement about the presence and/ or preventability of an AE between the two independent physician reviews, they started a consensus procedure. If they could not reach consensus, a third trained reviewer gave the final judgement. To determine whether the injury was caused by health care management and the degree of preventability of the AE were measured on a 6-point scale. For AEs a score above three (> management causation more likely, 50/50 but "close call") were considered an AE and for an AE to be preventable a score of 4 and higher (> 50%; preventability more than likely) was needed.
Additional administrative hospital information on diagnosis (ICD-9-DE), secondary diagnoses, acute or nonacute admission, main intervention, secondary interventions, expected LOS, and reason for admission were retrieved for each admission from the LMR maintained by Prismant.
Cost measurement
The main focus of costs calculated in this study was the health care sector. Only direct medical costs could be taken into account due to the nature and design of this study. Direct medical costs attributable to AEs were assessed by excess length of stay (LOS) during the index admission and re-admission, and by additional medical procedures during the excess LOS as a consequence of the AE.
Excess LOS during the index admission attributable to AEs was calculated by taking the average of the two independent estimates of the physician reviewers and rounded upwards. The excess LOS was determined based on the clinical expertise of the physician reviewers. If they were unable to determine excess LOS, we imputed the excess LOS based on the LMR, notably the difference between expected and observed LOS. The estimates varied from no extra bed days to all bed days of the index admission. For re-admissions attributable to AEs in the index admission we imputed the national average hospital stay in 2004 (7.3 days). Additional medical procedures attributable to AEs were assessed by the physician reviewers, indicating for each AE whether additional interventions or treatment were necessary. Additional information on these interventions was added from the administrative hospital data starting from the date of the AE.
Cost valuation
The excess LOS and the excess medical procedures were multiplied by unit costs to estimate the total excess direct medical costs. Dutch guideline prices of 2003 were used to estimate the costs of one hospital day of standard or intensive care in a university and general hospital [12] [13] [14] ( Table 1) . Prices were corrected with price-indices for 2004 [13, 14] . No unit costs for tertiary medical teaching hospitals were available; therefore the guideline prices for general hospitals were used. The unit costs include costs of a standard hospital day, medical and nursing staff, medication, material, equipment, housing and overhead. The costs of procedures and interventions were not included in these costs. The costs of the excess medical procedures were estimated by multiplying the number of procedures by standard price tariffs used for insurance companies, maintained by the Dutch Healthcare Authority.
Statistical analysis
The national weighted incidence of AEs and preventable AEs in Dutch hospitals with 95% confidence intervals (CIs) were calculated, corrected for the overrepresentation of patients admitted to a university hospital and for the overrepresentation of patients who died in hospital, using 'complex samples' option in SPSS 15.0. Detailed information on the weighing of the sampling frame in order to gain representativeness for the Dutch population of hospitalised patients and patients which died during hospitalisation is described in detail previously. [2] As the unit price of a hospital day in university hospitals is higher than in general hospitals, we analysed the costs attributable to the excess LOS and medical procedures of AEs separately in both groups. Mean total excess costs per hospital admission in which an AE occurred was estimated using weights to adjust for the complex sampling frame. As cost-data were skewed to the right, we used nonparametric bootstrapping, adjusting for the sampling frame, to calculate CIs of cost estimates [15] . Non-parametric bootstrap is the preferred method to estimate 95% CIs around cost-estimates because it uses the distribution of the data rather than assuming a normal distribution. [16] Moreover, determinants which may influence the costs attributable to AEs, such as age, diagnosis, admission department and medical or surgical responsible specialty, and type of AEs were first analysed univariate. Average costs and 95% CIs which were calculated per subgroup using bootstrapping techniques to resolve the skewed distribution. In addition, a stepwise multivariate multilevel analysis, as data were clustered within hospitals and hospital departments, was used to study the relation of these determinants with the costs of AEs and to test our univariate associations. Within all steps of the multivariate multilevel analysis, data were adjusted by a normalisation procedure for the overrepresentation of university hospitals and deceased patients. The dependent variable in the model was either the costs of AEs or the excess LOS (based on the LMR). Independent variables added to the model were successively age, sex, admission type (urgent or elective), main diagnosis groups (ICD9-DE), Charlson comorbidity index and surgical or non-surgical admission department. The amount of variation in costs of AEs caused by the hospital level or hospital department level was expressed by the intraclass coefficient (ICC).
The national estimate of costs attributable to AEs in 2004 was calculated by multiplying the total amount of Dutch hospital admissions with the AE rate and by subsequently multiplying this with the average costs. The same was done for costs attributable to preventable AEs. SPSS for Windows version 15.0 was used for most statistical analyses, only the multivariate multilevel analyses were performed using MLwiN version 2.0.
Sensitivity analysis
As it is sometimes difficult to determine the excess LOS due to the AE based on record review, we used a different approach in calculating excess LOS. For each individual admission in our sample we obtained the expected LOS from the LMR. Within the LMR, for each hospital admission, the expected LOS is calculated based on the following characteristics of the patient and the national mean length of stay that is associated with these characteristics [7] . The characteristics that have been taken into account were:
• Age, divided in 5 classes (0, 1-14, 15-44, 45-64, 65+ years);
• Primary diagnosis. (it included about 1,000 diagnoses classified by the ICD9-CM in three digits);
• Procedures, classified by the Dutch Classification System of Procedures (procedures depend on the diagnosis of the patient. It included five procedure groups) Together these three parameters produced about 5 * 1,000 * 5 = 25,000 possibilities of expected LOS. Normally these calculations were only used for patients discharged alive, but for the purpose of this study the expected LOS was also calculated for the patients which died in hospital. [17] Excess LOS was calculated as the difference between the expected and the observed LOS.
Results

Population
In total 7926 patient records have been reviewed by nurses and physicians. Additional information from the LMR could not be acquired for 37 patients due to record linkage problems. The missing patients were randomly divided over the 21 hospitals. The study population for the following results consisted of 7889 hospital admissions. Characteristics of the 7889 admissions are shown in table 2.
In the 7926 patient records the nurses found one or more screening criteria in 54% of the nursing and medical records. In the second stage the physician reviewers found 774 AEs in 663 hospital admissions. Within these admissions the 663 patients suffered from one or more AE, comprising 216 discharged and 447 patients which died during hospitalisation. The 37 hospital admissions that could not be linked contained no AEs.
Length of stay
Excess LOS attributable to the AE could be estimated by the physicians in 96% of the cases. In the other cases we imputed the excess LOS based on the data from the LMR. In 22% of the AEs the physician reviewers indicated that the admission itself was caused by the AE, thus the AE occurred in a previous admission but was detected in or was the reason for the index admission. On average, the excess LOS due to the AEs was 10.1 days (95% CI: 6.4 -11.9) for university hospitals and 8.9 days (95% CI: 6.9 -9.6) for general hospitals (Table 3) . This difference was not statistically significant.
Medical procedures
The medical procedures attributable to AEs, mainly reoperations, accounted for approximately 15% of the medical costs attributable to AEs (Table 3) . Non-invasive procedures (for example casting a leg, pulmonary function tests or X-thorax) were almost never recorded in the registration of hospital information. The registration of medical procedures other than surgical procedures in the registration of hospital information was poor in both university and general hospitals. Consequently, the estimated costs of medical procedures are an underestimation of the real costs.
Costs of (preventable) AEs
Although the number of preventable AEs in university hospitals was lower than in general hospitals [2] , the total costs rose substantially when the AE was reviewed as preventable (Table 3 ). This result however was not statistically significant.
Determinants of costs of (preventable) AEs
The excess LOS (5.6 days to 16.8 days) and consequently the excess costs (€2979 to €6649) of preventable AEs increased when the impairment or disability was more severe (Table 4) . In hospital deaths, in which readmis- sions were impossible, the average costs of AEs were somewhat lower than in discharged patients. Surgical AEs resulted in longer excess LOS and thus higher excess costs than non-surgical AEs. Internal medicine en neurology costs increased when the AE was preventable, costs and excess LOS of the preventable AEs in orthopaedics decreased. With respect to the types of AEs, the surgical and medication related AEs were the most expensive. The relative importance of subgroups changed when adding the costs to the distribution. For example the impact of the age group 65-79 changed from 32% by just looking at AEs to 57% by combining preventable AEs and costs of preventable AEs and the preventable AEs with an intensive care admission only contributed to 3% of all preventable AEs, while the costs as a result of these preventable AEs resulted in almost 30% of all preventable AE costs.
The multivariate multilevel analysis showed that the height of the costs attributable to AEs was statistically significant higher for patients with a higher age, surgical patients compared to non-surgical patients, and several diagnostic groups (table 5) . After adding the diagnostic groups to the model and after correction for the previous added variables AEs in patients with neoplasms were more expensive followed by circulatory diseases, respiratory diseases, diseases of the digestive system, symptoms, signs and ill-defined diseases and injury and poisoning.
Variation at hospital and hospital department level showed little influence on variance of costs, respectively ICC = 0.006 and ICC = 0.008.
Extrapolation
The 
Sensitivity analysis of costs of AEs
In the sensitivity analysis the excess LOS is calculated by subtracting the observed LOS with the expected LOS based on national reference values. The analysis of observed LOS and expected LOS showed a lower, but trend wise similar, result as the analysis based on reviewers excess LOS. The mean excess LOS was 5.9 days and the total costs of AEs (including readmissions and procedures) €4,446 per AE. The mean excess LOS of preventable AEs was 4.4 days and the total costs €3,634 per preventable AE. Within admissions without AEs the observed LOS was slightly lower, patients are on average 0.5 days shorter in hospital than expected. 
Discussion
Extrapolation of the results of this study showed that the total potentially preventable direct medical costs of AEs in Dutch hospitals are more than €161 million in Dutch hospitals in 2004; this is approximately 1% of the annual hospital budget of €14.5 billion. [18] The cost driver of the direct medical costs is the excess LOS in the hospital. Unit price of ICU stay, surgical AEs and age influence the impact of the direct medical costs in addition to incidence of AEs alone. We have also seen that, although it is often assumed that patients who die, whether or not related to an AE, have no or low excess costs, our study showed that the excess costs related to (preventable) AEs in patients who die in hospital are still substantial both for excess LOS and extra interventions. When disregarding the readmissions of the discharged patients, the excess LOS related to the AE was almost as high for deceased compared to discharged patients (6.3 days and 7.4 days respectively). These results are in concordance with the results of the cost of illness studies preformed in the Netherlands. Health care costs are ten-times more expensive in the year before death but decline when people die at older age [19] .
There are several reasons to assume that our cost estimation is conservative. Firstly, other research has shown that due to inefficiencies after things go wrong, the average costs of a hospital day becomes more expensive after an AE [20] . We used the same guideline unit price of a hospitalisation day before and after an AE. Secondly, non-invasive procedures are underreported in the LMR, where surgical interventions are registered well. Since non-invasive procedures are no cost-drivers, we do not expect this has led to major distortion of our results. Thirdly, as some AEs do not become apparent until after the selected admission, we also took into account the hospitalisation after the selected admission when related to the AE. When the physicians reported a hospitalisation after the index admission they did not record the number of readmissions and the number of days of each readmission. Therefore only one readmission was added to the excess LOS with an average LOS according to the Dutch reference values (7.3 days in 2004). Fourth, due to the retrospective study design and use of administrative information, the information of each admission may not have been complete. As a result the reviewers of the patient records may have missed some relevant data. Consequently, our estimate might be an underestimation of the total direct medical costs of AEs. However, knowing the outcome and its severity may influence judgment of the AE and the excess LOS. Thus, the possibility to reduce costs as a result of preventable AEs may have been overestimated by retrospective analysis of the AEs [21] .
Although it is sometimes difficult to attribute the excess LOS or the additional procedures to the AE, the two approaches we used to calculate the total expenses showed similar results. Where the excess LOS based on the reviewers viewpoint may be an overestimation of the true excess LOS, the difference between the expected and observed LOS based on the LMR data may be an underestimation. The expected LOS is an estimation based on We used price indices appropriate for cost estimates determined from a societal perspective although the perspective of our study was focussed on the hospital. Since there were no cost estimates available from a hospital perspective and the most important elements are included in the standard unit price of a hospital day [13] , we do not assume that a different perspective would have led to different results.
A recent study has shown that yearly €85 million of health care costs were caused by potentially preventable hospital admissions related to medication related adverse events in outpatient care [22] . As our study only focuses on the AEs during or caused by hospitalisation, the results of that study can be added to our results when looking at patient safety issues in the Netherlands.
Our study only focuses on the direct medical costs of AEs in hospital. From a societal perspective outpatient health care, loss of income and premature death are also important and the estimation of costs related to AEs would have been higher when estimated from a societal perspective.
Although judgement of presence of AEs is difficult, retrospective patient record studies currently offer the best method available to assess incidence of AEs [23] . By making use of the three stage AE determination method, the representative sample of both hospitals and number of patient records our study produced the needed insight in the present state of patient safety in hospitals [1] . Moreover, the additional information from each hospital admission from the LMR gave us an opportunity to ground our results.
Conclusion
The estimates of the total potentially preventable direct medical costs of AEs indicate that they form approximately 1% of the expenses of the national health care budget. The cost driver of the direct medical costs is the excess LOS in the hospital.
Despite the limitations by retrospective analysis of AEs, the costs of AEs in the Netherlands, estimated in this study are high and show that improvement of patient safety by preventing AEs may be cost saving. If the financial system is such that the hospital or hospital department profits of this cost reduction, it may offer an economic incentive to invest in patient safety. Insight in the determinants of potentially preventable AEs offers a starting points for patient safety interventions. 
